Abstract In view of past environmental degradation and anticipated climate change impacts, we assessed the potential for ecosystem-based adaptation in the Murray-Darling Basin, Australia. In a workshop with staff from three Catchment Management Authorities (CMAs) who had jurisdiction over three sub-basins, as well as technical experts, nine adaptation options were identified that ranged from environmental flows, restoring river channel habitat, reoperating infrastructure and controlling invasive species. A Catchment Adaptation Framework was developed and used to assess and compare these adaptation options with each of the CMAs, drawing on interviews with their key stakeholders, to identify the risks, benefits and costs. We found that ecosystem-based adaptation can augment catchment management programs and requires investment in a suite of different but complementary measures to lower risk. Our research found institutional challenges in implementing this approach, including the complexities of multiagency management, constricting legal requirements, narrow funding arrangements, under-developed institutional capacity, difficulties of implementing catchment-scale programs on private property and the need to adhere to community expectations. These institutional issues are ubiquitous internationally and point to the wider issues of providing sufficient management capacity to support adaptation. The Catchment Adaptation Framework presented here enables river basin managers to systematically assess the adaptation options to better inform their decision-making.
Introduction
The global climate is locked into a period of unavoidable change necessitating adaptation measures to deal with what is already happening and what is yet to come (IPCC 2007a) . Particularly worrying is the impact of climate change on ecosystem functions (such as nutrient recycling or water flows) on which societal wellbeing depends (Mooney et al. 2009 ). Freshwater ecosystems, due to their past management involving the regulation, extraction and fragmentation of river systems, are particularly at risk from global climate change, especially in drier or highly variable climates which face increasing pressure on the availability of freshwater resources . Such is the case in south-eastern Australia, where freshwater ecosystems are vulnerable to the direct effects of climate change through increasing atmospheric and in-stream river temperatures, sea-level rises affecting coastal systems, disturbances in nutrient inputs and cycling and the accelerated melting of snow and ice (Koehn 2011) . These ecosystems also face other substantial challenges brought on by land use practices including species extinction, land and water degradation, extensive clearing of native habitats and the persistence of exotic plants and animals (ASEC 2011) . The effects of these are predicted to be exacerbated by climate change ).
Adaptation has been defined as: ''Adjustment in natural or human systems in response to actual or expected climatic stimuli or their effects, which moderates harm or exploits beneficial opportunities '' (IPCC 2007b) . In terms of land and water management, adaptation actions involve reducing non-climate threats that increase the resilience of populations to a changing environment in situ as well as enabling the species concerned to migrate to a more suitable habitat under a changing climate (CBD 2010) . Adaptation actions likely to result in maintaining generation of ecosystem services include integrated land and water management activities that maintain environmental processes that generate regulatory (e.g. soil formation), cultural (e.g. recreation), supporting (e.g. flood mitigation) and provisioning services (e.g. fish, timber and water) that benefit people (Kumar 2010) . The basis of adaptation in freshwater ecosystems is in line with the long-established 'wise use' concept of the Ramsar Convention on Wetlands that is designed to maintain or restore the ecological character of wetlands, including their ecosystem services , with an explicit focus on the impacts associated with climate change.
Ecosystem-based adaptation (EbA) is a management approach that encompasses a systemic view that resilient ecosystems are more capable than non-resilient ecosystems of withstanding climatic and non-climatic disturbances and changes. Defined as ''adaptation policies and measures that take into account the role of ecosystem services in reducing the vulnerability of society to climate change, in a multisectoral and multi-scale approach'' (Vignola et al. 2009, p. 692) , EbA highlights the roles of nature and ecosystem services in reducing ecological and social vulnerability (Burgiel and Muir 2010) . EbA preserves and enhances ecosystem services in order to better enable society to adapt to the unknown impacts of climate change and provide multiple co-benefits for mitigation, protection of livelihoods and poverty alleviation (Munang et al. 2013) . EbA is an extension of ecosystem-based management and is often couched in the language of resilience and vulnerability (for example, Smit and Wandel 2006) . Its strategies include the maintenance and restoration of natural ecosystems, protection of vital ecosystem services, reduction in land and water degradation and the management of habitats to ensure genetic diversity of species (The World Bank 2009).
The concept of using ecosystems as a basis for management has been promoted since the 1970s (Imperial 1999); however, its implementation is still evolving. One of its main distinctions is that while other management approaches focus on specific sectors (Curtin and Prellezo 2010); ecosystem-based management approaches are not sector-specific and specifically include humans as part of the ecosystem (Leslie and McLeod 2007) . The approach has most often been used in the management of marine resources (Leslie and McLeod 2007) and widely promoted under the Ramsar Convention on Wetlands . This paper explores the potential for EbA as a no-regret, low-risk strategy for freshwater management at a catchment scale, using three catchments in the southern part of the Murray-Darling Basin (MDB) as case studies. In the first part of the paper, we describe the Catchment Assessment Framework (CAF), which is based on the EbA concept and was developed and tested as a method for more integrative climate change adaptation that increased resilience and avoided maladaptation. The CAF fills a strategic gap in developing frameworks which link climate change adaptation to management practices. In the last part of the paper, we discuss existing institutional constraints which can limit EbA implementation.
We contend that EbA is an essential approach to adopting in natural resources management (NRM) for a number of reasons. First, a focus on ecosystems is necessary because even small climatic changes can have profound impacts on some ecosystems, especially if these ecosystems are degraded and fragmented (Leemans and Eickhout 2004) , which is often the case in the MDB. Second, natural ecosystems have the potential to assist in climate change mitigation by sequestering greenhouse gases (although recent studies have thrown doubt on the extent to which this happens; see Heimann and Reichstein 2008) . The destruction and degradation of these ecosystems can compromise and even reverse this carbon-sequestering role (Di 9az et al. 2009 ), while EbA strategies outlined above can potentially prevent and reduce carbon emissions (Lal 2004) . Third, interaction of climate change on an existing stressor can compound its impact. As McAlpine et al. (2009) explain, extensive land clearing of native vegetation in the MDB is likely to have contributed to a hotter and drier climate and exacerbated the El Niño effect. Fourth, adaptation measures are rarely undertaken in response to climate change effects alone (Smit and Wandel 2006) , and there are numerous motivations for adaptation actions (Adger et al. 2005) . EbA strategies are based on actions that are already being undertaken to address existing stressors and constitute what Hallegatte (2009) refers to as 'no-regret' measures that will yield benefits even in the absence of climate change. EbA is therefore seen as an effective way to cope with environmental change characterised by future surprises or unknowable risks (Tompkins and Adger 2009). Existing best practice natural resource management can form the basis of EbA management (Smit and Wandel 2006) , meaning that the required knowledge and capacity to implement and further develop EbA already exists with commensurate extra benefits for management, including uptake of the benefits derived from ecosystem services associated with the carbon and water cycles.
This paper is based on a year-long project which aimed to identify ways of prioritizing low risk climate change adaptation options in Australian catchment management by documenting the risks, costs and benefits of commonly used NRM measures for freshwater systems (as well as assessing the extent to which they contributed to adaptation and resilience or represented climate change maladaptation). Specific methods used in the project included a literature review, stakeholder workshops and semi-structured interviews with representatives of key stakeholder groups.
The context of the study

Australian natural resource management
Australian NRM aims to secure ''healthy and productive landscapes which supply multiple environmental and social services'' (Hajkowicz 2009, p. 471) . Historically, Australian NRM developed from a threat-based approach, where specific threats to agricultural and pastoral production were identified and combated (such as soil erosion, introduced pests and dryland salinity), to an asset-based approach, with a focus on high value areas (Curtis and Lefroy 2010) . While a focus on assets still dominates in Australia, there is greater recognition of the importance of ecological systems that support those identified assets. For example, freshwater biodiversity management has been dominated by integrated catchment management (Lane et al. 2009 ). We also see a growing awareness of the need for ecosystem-based management, despite the prevalence of the asset-based NRM approach, with the development of a water plan for the MDB which compels water managers from different jurisdictions to work together in recognition that the rivers and catchments of the Murray-Darling need to be managed as a single system (Pittock and Connell 2010) and with a focus on integration and community participation (Gross et al. 2011 ). There have also been efforts to implement ecosystem-based management in the Great Barrier Reef (Olsson et al. 2008 ) and in the Australian Alps (Slocombe 1998 ) among other places in Australia . There is thus some evidence that water management is evolving in the direction of an ecosystem-based approach.
Australian NRM has followed an evolutionary path common to management approaches in other countries, where management responsibility has been partially devolved to ecologically defined catchments (Roberts and Pannell 2009 ). This evolution of management approaches is echoed internationally where the focus on sustainable development has caused a change in the management paradigm to an emphasis on systemic approaches, longterm perspectives and multiple scales of relevance, 'wicked' problems, the relevance of social and cultural contexts in ecological management and the diversity of values, agendas and behaviours among stakeholders (Bellamy et al. 1999) . The success of the Australian NRM approach is uncertain. Improvements have been visible in some areas; for example, the rate of land clearing has slowed and current land clearing is now seemingly balanced by regrowth of some parts of the vegetation (ASEC 2011) . However, such changes are not always supported by the existing institutional structures. In their assessment of climate change impacts on Australian wetlands, Finlayson et al. (2013) point out that institutional responses to the increasing pressures on wetlands have seldom been sustained. Also, despite changing management approaches, biodiversity loss has continued (ASEC 2011). We contend that EbA is an evolution of the NRM approaches currently being used. However, if adopted, the success of EbA approaches in halting ongoing environmental degradation remains unclear due to the institutional challenges described in the second part of this paper.
The Murray-Darling Basin Like many basins around the world, the MDB (see Fig. 1 ) is expected to face increases in river temperature and further decreases in river flow, both of which will lead to deterioration of water quality and freshwater habitats, which than negatively impacts on water availability for human uses such as the provision of drinking water, fisheries, recreation and hydro-energy (van Vliet et al. 2013) .
Key impacts of climate change in freshwater biodiversity include changes to the frequency, severity and duration of flooding, increased evaporation, water temperatures, bushfires, upstream erosion, declining water quality, reduced irrigation supply and falling groundwater tables (Jenkins et al. 2011) , all of which impact on peoples' economic and social uses of water. Such impacts can be significant even with relatively modest increases in temperature (Bates et al. 2010) ; and direct climate change impacts can have disproportionate effects. For example, the IPCC estimated that in south-western Australia, a 20 % reduction in rainfall since the mid-twentieth century was accompanied by a reduction in runoff of almost 50 % (IPCC 2007c). Increased temperatures in freshwater ecosystems may also exceed the thermal tolerance of aquatic fauna (Davies 2010) , leading to further species loss. These impacts are set to interact with existing land and water degradation caused by river regulation. For example, the reduction in rainfall combined with decreased flooding and rising temperatures can exacerbate the drying of rivers and wetlands, which already happens as a result of river regulation (Kingsford 2011) .
The MDB, as Australia's most important agricultural region, has been a focus for agricultural development since European colonisation. As in most industrialised countries, past management practices, especially hydrological development and land clearing, have severely affected the biodiversity of the MDB . Signs of environmental degradation due to reduced water availability in the rivers (as a consequence of both extreme climate conditions and poor management) include increased soil and groundwater salinity, rising water tables, decreased water quality, algal blooms, the death of floodplain forest trees, the decimation of Australian birdlife, many native fish stocks, and the conversion of freshwater wetlands into acidified and salinised water bodies (Kingsford and Thomas 2001) .
One of the likely effects of climate change in Australia is an increase in extreme weather events, such as droughts, heatwaves and bushfires (Steffen 2009 ). These not only affect Australia's vulnerable ecosystems, but also the economic (and hence social) systems as well. The recent Millennium Drought (followed by large flooding events) had a negative impact on agricultural production. In 2006 and 2007, water inflows into the river system in the MDB were the lowest on record (Adamson et al. 2009 ) and the resulting economic hardship led the federal government to spend an estimated $AUD3 billion on drought subsidies (McAlpine et al. 2009 ).
While climate change will affect all freshwater systems to some degree, the impacts will be greater in river systems which have been significantly modified to enable agricultural production to support large populations, in regions such as China, southern Africa and the western part of the USA (Grafton et al. 2012 ). Due to its ecological, economic and social importance, the MDB is a relevant case study to explore the potential of EbA, as it is a large, economically and environmentally significant basin. 
Methods
The project that this paper is based on was undertaken in partnership with representatives of Catchment Management Authorities (the regional bodies responsible for NRM at the sub-basin level) and focused on three catchments in the MDB: the Goulburn Broken, Lachlan and Murray catchments (see Fig. 1 ).
The initial phase of the project included a literature review of climate change adaptation and an investigation of the adaptation potential of a range of NRM measures. In line with resilience thinking (see Walker and Salt 2006) , the ecological, social and economic dimensions of each measure were explored using both qualitative and quantitative data. Ideas developed through the literature review were brought to the project partners (who included members of the three CMAs and representatives of government departments responsible for water management as well as academics) in a 3-day technical workshop held in May 2012. Participants discussed at length various water-related NRM measures in the three catchments and shortlisted nine of these for a deeper assessment.
Phase two of the project involved a period of grey literature review and semi-structured interviews (see O'Leary 2005) that explored the nine proposed measures in more depth. A total of 20 interviews were conducted with key respondents in the Murray CMA (n: 4), Lachlan CMA (n: 3) and the Goulburn Broken CMA (n: 4), state government departments (n: 4), non-government NRM organisations (n: 3) and federal government agencies (n: 2) in July and early August 2012, and most were done as phone interviews (lasting between 40 min and 1 h each). Interviewee selection followed the snowballing method (deMarrais 2004), with initial respondents suggesting others. The respondents were personnel from the three catchments responsible for the implementation of freshwater-related NRM actions investigated in this project and liaison with key stakeholder groups (landholders and Aboriginal communities). State government water managers from NSW and Victoria were interviewed to provide a state-level perspective on climate change adaptation, since CMAs are influenced by wider state responses to climate change. The people interviewed were familiar with the respective catchments. Similarly water managers from Commonwealth-level water institutions were interviewed to gain a Basin-level perspective on climate change adaptation. Prior to the interview, respondents were provided with a summary of the nine measures and questions revolved about their role in the catchment, climate change adaptation potential, socio-ecological issues and barriers to implementation.
The interview data were analysed thematically and organised into a climate change adaptation Catchment Assessment Framework (CAF), an assessment tool that consists of seven components: (1) catchment relevance, (2) climate change adaptation benefit (this includes the sub categories of adaptation benefit potential, assessment of effectiveness under different climate change scenarios and maladaptation potential), (3) ecosystem services benefits, (4) compatibility (5) constraints to implementation, (6) socio-economic outcomes, and (7) risk assessment (see Lukasiewicz et al. 2013 ). The CAF thus represents a holistic and qualitative assessment, rather than a conventional cost-benefit analysis of different options.
During phase three of the project, three workshops were held in each catchment in August 2012. A draft catchment report was written for each case study outlining how the nine NRM measures were being implemented in each catchment and how they related to each component of the CAF. These reports formed the basis for workshop discussions where workshop participants discussed and assessed the nine measures against each section of the CAF, facilitated by the research team. The workshop participants consisted of relevant CMA staff chosen by the CMA freshwater managers (nine participants in Goulburn Broken and Murray CMAs and seven in Lachlan CMA). The results of each workshop were tabulated using the CAF (see Lukasiewicz et al. 2013 ). Limitations of this study included a CMA focus and overt reliance on expert opinion. The results thus reflect prevailing opinions on the nine measures within CMAs, leading to the need for further testing of the CAF (Table 1) . Table 2 is an excerpt from the CAF process and shows the summary tabulation of the Constraints to implementation component from the three CMA workshops. During the interview phase, informants were asked to identify challenges to implementation of the nine NRM measures. These challenges were then categorised by the research team into 'physical', 'financial', 'social' and 'institutional' and presented as a table during the workshop phase where workshop participants ranked, using consensus deliberations, the magnitude of the constraint using different sized dots. In some cases, consensus was not reached by participants, and two magnitudes were recorded. For example, participants in the Murray catchments ranked 'community attitude' as both a minor and a major social constraint to implementing environmental flows because community members were reported to have little objections to flows that stayed within the river system but strongly objected to flows which flooded riparian lands.
Augmenting existing actions as a basis for EbA
The qualitative assessment of nine NRM measures in three catchments of the Murray-Darling Basin revealed that a The extent of the constraint cannot be accurately gauged Constraint not applicable to the measures, or not mentioned combination of six measures offered the lowest risks and highest benefits under different climate change scenarios. These measures included geomorphic and riparian restoration, the conservation of more resilient habitats and gaining reaches, freshwater habitat connectivity and the management of exotic species (see Table 1 for details). Investigation into the management practices of CMAs and state government management bodies revealed a strong desire to create resilient systems, be it in terms of resilient landscapes, ecosystems or communities. Furthermore, the management philosophy of environmental watering was to treat the river and its associated environments as a system, rather than as a series of discrete assets. However, neither ecosystem-based management nor EbA was explicit management goals. Further the need to respond to climate change had only recently been recognised within NRM management, and practical actions, such as developing climate change adaptation strategies (in Murray and Goulburn Broken CMAs) and employing climate change adaptation officers (Goulburn Broken CMA), were in early stages of implementation.
The nine NRM measures described in Table 1 are currently viewed largely in terms of biodiversity conservation and focused on addressing degradation caused by past river management practices. Because of this, their potential for climate change adaptation has not been recognised. However, during workshops, the participants concluded that if the measures were extended and linked, they would constitute a substantial contribution towards EbA. For example, one of the potential outcomes of climate change will be an increase in temperatures and changing rainfall patterns in the three catchments, resulting in higher evaporation and stream temperatures (CSIRO 2007a, b) . The restoration of riparian vegetation can directly lower stream temperatures (Davies 2010) , and the conservation of gaining reaches provides a source of cooler water feeding into streams that can ameliorate high temperatures and provide a drought refuge for native fish (Chessman 2009 ). As one CMA respondent suggested, adapting to climate change is advanced by increasing the scale and speed of existing biodiversity conservation measures.
Most of these nine measures were undertaken to varying degrees at the catchment level by state government and regional natural resource management bodies. The one measure that was not being undertaken by all CMAs was thermal pollution control. However, while the measures were often undertaken in parallel, they have not explicitly been implemented as an integrated package for climate change adaptation. During workshops, participants discussed at length the interactions between the nine measures and concluded that many were strongly complementary. For example, the CMA respondents recognised that measures to improve fish habitat and refuges (geomorphic restoration, conservation of gaining reaches, freshwater habitat connectivity) had to be undertaken in conjunction with control of exotic species so that restored fish habitats would not become havens for invasive carp and other exotic pests.
Challenges to EbA implementation
Ecosystem-based management has been described as an explicit attempt to develop an ''institutional ecosystem '' (Imperial 1999, p. 452) , where management institutions must reorganize themselves along ecosystem lines (Curtin and Prellezo 2010). Many of the identified challenges to EbA are institutional (Fidelman et al. 2013) , even though the individual measures are already part of existing management approaches. If EbA were to become a goal of water management in the MDB, the current institutional context would constrain the necessary 'scaling up' of the NRM measures.
We now turn to a discussion of some of these constraints using an existing categorisation of Adger et al. (2005, p. 78) who identified three institutional constraints to adaptation: regulatory structures, property rights and social norms. The workshop discussions revealed three types of regulatory structure issues (discussed in Institutional and Funding constraints in Table 2 ). While our interviews did not reveal 'property rights' as an evident constraint, upon examination of the nature of 'social and 'financial' constraints recorded by workshop participants, it was clear that many are based on a strong belief in private property and the decisions taken by landholders on their land. Social norms are discussed in terms of community expectations of NRM management (discussed in the 'social' constraints category in Table 2 ). The physical constraints listed in Table 2 will not be discussed as there is little that can be done about natural constraints (which were not numerous), while infrastructure constraints could be overcome with more funding.
Institutional regulatory structures
Three issues became apparent when considering whether the regulatory structures affected the implementation of EbA in water management in the Basin: multiagency cooperation, existing legal requirements and constraining funding arrangements.
Multiagency cooperation
Freshwater management is governed by a range of national, state and regional bodies (Hussey and Dovers 2007) . This is especially true for iconic parts of the river system, such (Hodgkinson 2012) . Such restructuring processes reduce institutional stability, which is a critical factor for successful NRM (Ross and Dovers 2008) .
Legal requirements
Legal requirements have been identified as a constraint to climate change adaptation (Caripis et al. 2013 ) and manifest themselves most clearly through discussions about environmental watering through the constraining rules governing use of irrigation water bought for environmental purposes and an excessively narrow legal mandate. Managers responsible for environmental flows (at the national and state level) have adopted a systemic approach to watering and aim to reinstate more natural flows throughout the entire river system. This is done by delivering water to key environmental sites within the Basin, releasing water to support bird-breeding events or improving water quality and adding 'environmental' water to natural flows to support system processes such as nutrient cycling and the export of salt from the Basin (Commonwealth of Australia 2012). Environmental watering has been possible largely due to the water buyback program whereby the government purchases the water licences of irrigators. Thus, water formerly extracted from the river for irrigation is now used as 'environmental flows' designed to ''create the right conditions for the system to respond''' (according to one respondent). The provision of relatively large volumes of what used to be irrigation water means that water managers no longer have to focus on particular wetlands, as one respondent explained: ''Instead of looking at isolated pockets you can do whole systems and multiple system flows''. The language used to describe environmental flows is clearly in line with ecosystem-based management. However, the use of this former irrigation water is still constrained by legal rules which prevent ecologically beneficial actions such as overbank flooding or the use of water outside of the irrigation season. Thus, the use of environmental water is legally limited because it must comply with existing legislation.
The recent federal Water Act 2007 narrowed the legal definition of environmental water to focus solely on water volumes and some aspects of quality (Commonwealth of Australia 2008 ). This mandate is narrower than the NRM brief under the preceding 1992 Murray Darling Basin Agreement that covered a broad range of biodiversity, land and water management (Connell 2007) . This narrowing of focus to exclude integrated catchment management constrains the managers' ability to address the river system.
Funding arrangements
Another institutional limitation lies in funding arrangements for biodiversity conservation (Robins and Kanowski 2011) . In the case of funding for riparian restoration and the conservation of more resilient habitats, funding arrangements emphasise restoration of remnant vegetation. While riparian restoration and the protection of undisturbed habitats have been shown in our assessments to have significant climate change benefits, such characteristics are not assessed when planning conservation and restoration efforts because these are undertaken with a focus on conserving existing biodiversity in situ rather than degraded habitats that may be important refugia for biodiversity under a changing climate. Funding for riparian restoration has been described as a: 'protect and restore' bucket of money rather than 'start from scratch and completely rehabilitate' bucket of money'' (CMA respondent), limiting its application as a climate change adaptation measure. Funding arrangements are thus potentially constraining the use of reforestation and conservation to act as climate change adaptation.
Respondents reported that socio-economic co-benefits of freshwater biodiversity actions are important for gaining community and government support. For example, CMAs have instituted diverse programs aimed at providing NRM training for Aboriginal communities, enabling the protection of important cultural sites and traditional access to 'country' (land). These programs provide employment opportunities, skills training and cultural recognition, which are important to Aboriginal communities. However, as these programs are funded through NRM and biodiversity conservation funding, business management skills are not covered. If a broader range of skills were funded, trainees could set up and run small businesses to support their aspirations and land management. Thus while the concept of resilience adopted by CMAs is not limited to ecology, national and state government funding makes it difficult to incorporate social outcomes into ecological management, a core feature of EbA.
Institutional capacity
The need for consistent, ongoing monitoring programs was highlighted in all three CMAs, to measure how successful NRM programs are in achieving their aims. The main constraint in establishing monitoring programs was the lack of long-term funding, as well as a lack of expertise and time (both of which could be solved with funding). However, while monitoring is seen as an essential part of adaptive management, it seems to be supported by rhetoric rather than by dollars: ''they like to hear the words; they don't like to pay for them … Convincing people to pay for monitoring is staggeringly difficult'' (CMA respondent). For example, if a monitoring program was put in place to quantify the environmental benefits of addressing cold water pollution, the widely held perception that thermal pollution control is too expensive might change, but establishing such monitoring programs is in itself expensive (CMA respondent). Difficulties with establishing adequate monitoring for managing wetlands in Australia is an ongoing issue and has been highlighted on many occasions in the past (see Finlayson and Mitchell 1999) .
One of the evolving roles of CMAs is to act as a conduit between local communities and government management bodies. However, this type of community outreach, while identified as essential in ecosystem-based management (Leslie and McLeod 2007) , requires staff and resources that are limited. As one CMA project officer explains: ''We have a mismatch of our aspirations and capacity''.
In our research we thus found that regulatory structures provided multiple constraints to EbA through institutional complexity (of needing multiple agency cooperation), inflexible legal requirements, compartmentalised funding arrangements and limited institutional capacity.
Private property
Over 60 % of the Australian landmass is managed as private property (Geoscience Australia 2011), meaning that an ecosystem approach must have the full and active participation of individual landholders. Government and regional management bodies have limited ability to act on private land, so the full benefits of an ecosystem-based approach may not be realised at a sufficient scale. There is a long history of government-sponsored agricultural and environmental programs aimed at private landholders promoting various NRM concepts, but the outcomes have been mixed . The primary tool that Australian governments have to influence land management are financial incentives. At the regional level, the administration of incentive programs is a core activity of the CMAs. As one CMA respondent put it: ''We don't manage the environment. We help to manage people to manage the environment''. Significant improvements in biodiversity rely on conservation interventions over multiple private properties. For example, the restoration of riparian vegetation on both sides of the riverbank will significantly improve downstream water quality. However, despite continued effort, the goal of restoring riparian vegetation on both sides of the bank has not yet been achieved in the Goulburn Broken Catchment as some private land owners choose not to participate.
Our interviews revealed that private landholders are often unwilling to undertake actions such as riparian restoration if the financial costs (especially in terms of maintenance) of undertaking the action are judged to outweigh the financial benefits. However, objections to participating in land management programs are not simply financial. Some landholders have an aversion to perceived government intervention and community ''interference'' (as one CMA respondent put it) and there are misperceptions about the risks of fire and weed infestations as well as the disadvantages, such as loss of production from 'locking up' land for conservation. These perceptions are not necessarily true, but they are persistent. Any plans to institute ecosystem-scale management have to contend with the unwillingness of some individuals to participate.
Adhering to community expectations
Community expectations and attitudes can both aid and constrain EbA. When considering the maladaptation potential of NRM measures, it is important to acknowledge that the real and perceived impact will depend on each person's point of view. While potential maladaptation may be negligible for a regional management body or a government agency, it may have greater negative impacts on other parties, such as individual landholders. For example, the creation of ecologically beneficial small and medium floods is limited by community concerns over the flooding of private lands, causing loss of access to land and damage to crops and irrigation equipment. Similarly, efforts to reduce cold water pollution in the Goulburn Broken catchment must take into account the negative impacts these actions would have on the exotic trout fishing industry (CMA respondents).
Community expectations can also prevent experimentation and learning, a necessary part of adaptive management that is in itself a key requirement of ecosystem-based management (Curtin and Prellezo 2010). Adaptive management involves learning from past actions and active experimentation (Allan and Curtis 2005) . Experimentation implies that sometimes management actions may not Institutional challenges of adopting ecosystem 495 achieve the desired endpoint and be perceived as failures and recommended best practice may change. For example, in the Goulburn Broken catchment, exotic willows were planted on riverbanks to manage erosion but were consequently found to contribute to it because they have big roots in the shape of a ball which grow up into the river bed, protrude from the bank and then push water to the other side of the river. The removal of willows and their replacement with native trees is thus a significant activity of the Goulburn Broken CMA. However, some members of the community who grew up with willows on their property developed a sentimental attachment to these trees and now resist efforts to remove them (CMA respondent). For adaptive management to be successful, community expectations must make allowance for ecological surprises and subsequent learning on the job. This was the case in the Murray Catchment where in 2009, the release of stock and domestic water in the Edward Wakool anabranch system resulted in the unintended deoxygenation of the water that led to extensive fish deaths, including the iconic Murray Cod (MDFRC 2009) and widespread community anger towards water managers, according to our Murray CMA respondents. The knowledge necessary to prevent the backwater event from forming was absent at the time, but has been gained as a result of the event (NSW government respondent). However, the community reaction was severe, affecting the trust in and relationship with the CMA, which was not directly involved in managing the water releases, but was 'blamed' for it nevertheless, as the organisation at the forefront of public engagement. This incident was spoken of as a constraint on active experimentation by Murray CMA respondents who felt they did not have a mandate to take risks.
The examples provided through our project show that social expectations can be a considerable constraint because stakeholders may perceive the impacts of NRM actions to be high and the perceived risk of management failure too great to apply adaptive management processes.
Conclusion
Ecosystem-based adaptation aims to create healthy, resilient ecosystems that can better withstand external shocks and disturbances. In this paper, we have explained the potential of EbA in the Murray-Darling Basin through work with three CMAs. The approach was judged by CMA staff to have low-risks and multi-benefits that could ameliorate existing environmental degradation. We suggest that committing to EbA means directing investment to a suite of measures, rather than selecting one or two 'best' measures for targeted investment. At the same time, we have identified a number of institutional, legal and social constraints that currently limit the ability to implement such an approach. In this paper, we have described NRM measures, such as riparian revegetation and freshwater habitat connectivity that have climate change adaptation benefits and are widely applied, albeit not in an adaptation context. While most of these measures are being implemented to some degree in the three catchments we studied, their complementarity and wider system benefits are poorly supported through existing institutional arrangements. For instance, management of exotic species occurs in all catchments but is not directly linked to revegetation or habitat connectivity. If extended and linked, these current measures could constitute the foundation of EbA. A possible suite of complementary measures with a wide range of benefits would include riparian revegetation, freshwater, the conservation of more resilient habitats and gaining reaches, geomorphic restoration and the management of exotic species.
Each of the CMAs that we worked with has taken the results of this study and begun to apply our findings through revision to their operating plans. We recommend that the EbA approach should be applied in the MDB through a complementary suite of measures based on a holistic and qualitative cost-benefit assessment.
The research also showed that there are many institutional constraints towards adopting a holistic systemic approach. These include institutional regulatory structures, property rights and social norms. We believe that institutional stability is essential for multiagency cooperation to be realised and that better legal mandates for climate change adaptation are necessary to reduce barriers in sectoral laws and organisations. Adoption of an EbA would also require more flexibility in funding arrangements and a funding base for catchment organisations. This could potentially allow greater socio-economic benefits from NRM training programs for Aboriginal communities. It could also allow catchment organisations to specifically consider climate change adaptation in their biodiversity conservation efforts. While these are significant challenges, there is a conceptual evolution towards EbA and the institutional challenges identified here are evident in any attempt to implement management at a system level. It remains to be seen if, in the MDB, continued institutional evolution towards complex, flexible and holistic management systems will eventually overcome these challenges.
However, despite the identified constraints, the EbA approach has been met with great interest in our case studies, with Lachlan CMA adapting their water strategies around 'aquatic ecosystem enhancement', which consists of the six NRM measures of restoration of riparian vegetation, freshwater habitat connectivity, conservation of resilient habitat and gaining reaching, geomorphic restoration and management of exotic species. Our research thus highlights the need to look at a suite of complementary actions that spread risk rather than investing in one or two perceived best actions. We propose that ecosystem-based adaptation using a combination of actions be adopted as a catchment-wide approach to achieve ecological restoration and adapt to climate change.
